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ABSTRACT   
As human land uses continue to expand rapidly across the landscape, the management practices of 
private landowners are an essential part of effective conservation of biodiversity.  Conservation of early 
successional habitats (ESH) and the species that depend on them is a priority in the eastern United 
States, and efforts to create more ESH on private lands has primarily focused on forest landowners and 
the harvesting of timber. Private lands with significant pasture cover in a forested landscape present an 
additional opportunity to create and maintain ESH, yet our understanding of landowner values and 
attitudes about management strategies in pastures (i.e., modifying mowing or grazing practices, use of 
herbicides to control invasive species) is lacking.  This study implemented a survey of private 
landowners in five western Virginia counties who own at least 25 acres that are at or above 2000 ft 
elevation. This region was selected due to its high priority for declining bird species and its mix of 
heavily forested ridges and extensive pastureland in its valleys. Our primary objective was to 
understand what influences private landowner intentions to carry out seven different ESH management 
strategies (i.e. modified mowing, modified grazing, timber harvests within forest, timber harvests at 
filed-forest border, prescribed fire, use of machinery, and use of herbicides to control invasive species) 
for the benefit of wildlife in the next five years. General linear models (GLM) were developed to 
determine whether landowner values, barriers to management, perceived norms, past experience, 
organizational membership, and demographics predicted the intention to carry out each management 
strategy in the next five years. Models explained 22-49% of the variation in landowner intention and 
predictors of intention differed across the seven management strategies. What landowners’ value 
about their property significantly predicted behavioral intention but was not consistent across the 
different management strategies. For example, those most likely to modify mowing and grazing tend 
to value ecological aspects of their land (i.e., pollinator habitat and water quality) whereas those most 
likely to harvest timber value hunting and revenue from production on their land. Landowner’s past 
experience with land management was a strong predictor of likelihood to modify mowing and grazing 
and to harvest timber. Lastly, members of non-hunting conservation organizations are nearly 7 times 
more likely to modify grazing practices than non-members, and members of hunting conservation 
organizations were 2.6 times more likely to use prescribed fire for the benefit of wildlife. These results 
suggest that expanding outreach efforts to include additional management options for creating ESH 
(i.e., modification of mowing and grazing practices) and the inclusion of images and verbiage about the 
benefits to pollinator species, non-game species, and water quality would likely recruit landowners who 
may not have been recruited with current methods. 
 
 
Keywords: Appalachians, early successional habitat, private landowner, survey, Virginia, wildlife. 
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INTRODUCTION 
Historically, conservation efforts have primarily focused on publicly owned lands (Daley et al. 2004). 
With more than 60% of land in the United States being privately owned (Scott et al., 2001; Macaulay, 
2016) and most threatened and endangered species occurring at least in part on private lands, wildlife 
managers and conservationists have begun to recognize the need for an increased focus on private 
lands (Scott et al., 2001; Knight et al., 2010). Private landowners play an important role in conserving 
wildlife diversity, however, factors that influence private landowner behaviors regarding wildlife 
conservation are varied and complex (Reddy et al. 2017). Improving our understanding of private 
landowner’s attitudes and behaviors regarding the species and habitats on their property is 
fundamental for the development of successful habitat management programs that encourage or 
incentivize landowners to engage in activities that promote wildlife habitat (Dayer et al. 2016). 
In the eastern United States early-successional habitats (ESH) are considered especially vulnerable, 
with an associated regional decline of species that depend on them (King and Schlossberg 2014). ESH 
are characterized by persistent grasses, forbs, and shrubs within a predominantly forested landscape 
that typically occur after some form of disturbance, either natural or human induced (Litvaitis 2003a, 
King and Schlossberg 2014, Dayer et al. 2016). Recent declines in ESH are driven by land conversion, 
forest fragmentation, urban and commercial development, and suppression of natural disturbances 
(Litvaitis 2003, King and Schlossberg 2014, Dayer et al. 2016). Natural disturbances that historically 
promoted early successional habitat include grazing by large herbivores, wildfire, flooding by beaver, 
and large-scale weather events (King and Schlossberg 2014). In recent decades, these natural 
disturbances have become less common, in part due to land use change, resulting in the need for active 
management of ESH using prescribed fire, cattle grazing, and timber management across a large 
enough spatial scale to support declining ESH-dependent species.  
Avian species associated with ESH habitats are declining throughout North America and efforts to 
create and maintain habitat for these species are ongoing (Askins 1999, Dettmers 2003). The golden-
winged warbler (Vermivora chrysoptera, hereafter GWWA) is an example of such a declining, shrubland-
dependent migratory bird that has been petitioned for listing under the US Endangered Species Act. 
GWWA population declines in the southern Appalachian region (8.5% per year) are especially 
pronounced relative to other areas (2.6% per year range wide) (Sauer et al. 2014). Within this region, 
the species requires high elevation (>2000 ft) shrublands within a forested landscape (Buehler et al., 
2007), and National Audubon Society (NAS) cites the biggest threat to birds in the region as loss of 
shrublands, much of which occurs on private lands in North Carolina, Virginia, and West Virginia.   
For effective conservation of ESH, an increased focus on private lands is needed, however there are 
challenges that make this difficult in practice (Daley et al. 2004). Some conservation-minded private 
landowners may have reservations about the need for consistent disturbance and have negative 
perceptions about the ‘destructive’ management techniques required (i.e. prescribed fire, timber 
harvests, herbicides) (Askins 2001, Gobster 2001, Litvaitis 2003a). Some landowners may also prefer 
their property to appear tidy with acres of mowed/grazed pasture rather than the unkempt appearance 
of shrublands and regenerating forests (Askins 2001). Additionally, private landowners may view the 
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presence of threatened or endangered species as a liability that may impact their management 
decisions (Kreuter et al. 2016). To address some of these issues, the U.S. Fish and Wildlife Service 
(USFWS) and the U.S. Department of Agriculture’s Natural Resource Conservation Service (NRCS) 
established the Working Lands for Wildlife (WLFW) program that aims to “target conservation efforts 
to improve agricultural and forest productivity to enhance wildlife habitat on working landscapes.” The 
flagship species for WLFW in the Appalachian region, including Virginia, is the GWWA. The 
collaboration between USFWS and NRCS ensures landowners have the means to make these habitat 
improvements on their land without concern that the legal status of a species (i.e. listed under the 
Endangered Species Act) will prevent them from keeping their land in production. Although these 
efforts are promising, the WLFW program is limited by the number of private landowners who 
voluntarily enroll in the program, and there is a need for increased participation.  
To effectively increase participation in WLFW and other efforts to promote ESH, agencies need to 
understand what motivates landowners to participate and what barriers exist for those that do not. 
Particularly, what landowners value about their property and the surrounding landscape (Reddy et al. 
2017) is likely related to their willingness to engage in ESH management. Previous research regarding 
private landowner’s attitudes and involvement in ESH habitat management have focused primarily on 
forest lands (i.e. Metcalf et al. 2015, Dayer et al. 2016). This research has taught us a lot about what 
influences forest landowners to harvest timber to promote wildlife habitat. Specifically, private forest 
landowners are more likely to perform timber management if they believe the behavior will have a 
positive impact for their land and wildlife and if they have performed timber harvests in the past (Dayer 
et al. 2016). Private lands with significant pasture cover in a forested landscape present an additional, 
often under-appreciated opportunity to create and maintain ESH (Figure 1).  Studies of private 
landowners in predominantly open landscapes (Farmer et al. 2016, Sliwinski et al. 2018), have focused 
on grassland/prairie ecosystems which are a type of ESH, but lack the structural heterogeneity required 
by shrub-dependent species (such as GWWA). Efforts to promote habitat on private lands for a game 
species, the northern bobwhite (Colinus virginianus), is a notable exception and has led to increased 
vegetation structure in agricultural areas that have benefited non-game species as well (Ciuzio et al., 
2013). Silwinski et al. (2018) found that landowner attitudes regarding the mechanisms that create 
structural heterogeneity (e.g., prescribed fire and prairie dogs) and perceptions of behavioral control 
(i.e., their ability to carry out the management) of their ranch are the best predictors of intention to 
manage for heterogeneity on their property.   
The focus on forests and grasslands for private lands wildlife habitat enhancement is not surprising 
because both can be managed for income through timber harvests and grazing/haying, respectively. 
Allowing shrubs to establish in pastures/hayfields will lead to reduced income, making it less desirable 
to some landowners. However, financial incentives are just one factor that may influence land 
management decisions; promoting awareness about conservation benefits and making conservation 
behaviors more accessible are other effective strategies (Reddy et al. 2017). There is a need to 
understand what motivates and limits private landowners in their decisions to manage for ESH, and 
how these might differ among pasture and forest landowners in the same landscape.  
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This study involves a survey of private landowners in western Virginia and aims to understand what 
influences their intention to carry out seven different ESH management strategies for the benefit of 
wildlife. These seven strategies include two different types of timber harvest, reduced mowing and 
grazing practices, use of herbicides to control invasive species, prescribed fire, and use of machinery to 
reduce shrub cover in pastures (Figure 1). The primary objective of this research is to identify and 
compare factors that predict landowner behavioral intention to carry out each of the seven ESH 
management options. We follow similar recent studies in adopting aspects of the theory of planned 
behavior to identify factors that influence behavioral intention, assuming that intention is strongly 
associated with actual behavior (Azjen 1991). Specifically, we are interested in the influence of 
landowner values about their land, perceived norms, perceived barriers, past experience, and 
membership in conservation organizations (Figure 2). Observed differences in predictors of willingness 
to carry out each of the management strategies will facilitate outreach recommendations based on the 
results, ultimately increasing the amount of ESH in the landscape. 
 
 
Figure 1: There are a variety of ways to create and maintain heterogeneous ESH that is beneficial to wildlife.  Reduced mowing and 
grazing practices can allow shrubs to establish and spread. Herbicides can eliminate invasive species that are not desirable.  
Prescribed fire and machinery can be used to reduce shrub cover if it becomes overgrown and homogenous. Timber harvests (either 
within forests or along a field forest border) result in regenerating shrubs and saplings.   
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Figure 2: Theory of planned behavior framework. Shapes highlighted in red indicate variables used in this study where specific 
survey questions relate to each one. Figure is modified from Montano and Kasperzyk (2015). 
 
STUDY AREA 
Our focal study region includes five counties in the Appalachian region of Virginia. These were selected 
because they significantly overlap with WLFW GWWA priority areas for conservation (Figure 3). These 
counties are predominantly forested, and pasture represents the second largest land cover 
classification (Table 1). We also targeted landowners with parcels greater than 25 acres at or above 
2000 feet elevation. We focused on this subset of the population because individuals with larger parcels 
are more likely to have meaningful management impacts on land cover in the region, and a focal, high 
priority species in this region (golden-winged warbler) is rarely found at elevations below 2000 feet 
(Bulluck and Harding 2010, Sauer et al. 2013). 
 
Table 1: Summary of land cover percentages from the Virginia Geographic Information Network’s Land Cover Dataset that are 
suitable for ESH management by focal county. 
 Bath Giles Highland Smyth Tazewell 
Forest Cover (>1 Acre) 90.29% 79.57% 77.52% 68.65% 69.48% 
Tree Cover (<1 Acre) 1.54% 3.43% 2.25% 4.49% 4.83% 
Harvested or Disturbed Forest 0.31% 0.37% 0.26% 0.26% 0.67% 
Scrub/Shrub 0.31% 0.43% 0.22% 0.76% 1.05% 
Pasture 5.52% 11.96% 17.99% 21.03% 18.62% 
Cropland 0.38% 0.43% 0.20% 0.65% 0.20% 
 
External 
variables 
Past Behavior 
Demographics 
Land 
characteristics 
Land values 
Normative 
beliefs 
Control 
beliefs 
Behavioral 
beliefs 
Attitude 
Subjective 
norm 
Perceived 
behavioral 
control 
Intention Behavior 
Organizational 
Membership 
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Figure 3: Focal area for survey population. Yellow counties from north to south are Highland, Bath, Giles, Tazewell and Smyth. 
Pink areas indicate Priority Areas for Conservation (PACs) for GWWA in the Working Lands for Wildlife Program.  
METHODS 
SURVEY DESIGN AND CONTENT   
Survey questions were designed based on similar studies in different regions/landscapes and with 
different management foci (Daley et al., 2004; Dayer et al., 2016, 2014, 2013). After the draft survey 
was completed, we solicited feedback on survey questions from individuals working with the following 
agencies or organizations with interests or programs in early successional habitat management: 
Virginia Department of Game and Inland Fisheries, the Natural Resource Conservation Service, Virginia 
Department of Forestry, Appalachian Trail Conservancy, and The Nature Conservancy. An additional in-
person meeting was held with these partners so they could provide further perspectives on how survey 
questions help meet the objectives of the study. Based on their feedback, the survey was edited for 
length, clarity, and ease of comprehension. 
Survey questions focused on the following areas: 
● General land parcel characteristics (full- or part-time resident, whether or not they have a 
conservation easement, and percent cover mature forest, young forest, shrubland, fallow field, 
grassland) - 6 questions 
● Current and past land use by landowner (whether they have ever harvested timber, whether 
they actively manage for wildlife habitat, and the percentage [0% to >75%] of their land that 
they manage for haying, grazing livestock, timber production, and hunting) - 6 questions 
modified from Daley et al. (2004). 
● Landowner values and attitudes regarding their property - how important to them are aspects 
regarding their property or the surrounding landscape - 19 questions modified from Daley et al. 
(2004) 
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● Landowner likelihood to carry out seven specific land management options for the benefit of 
wildlife in the next five years – modify mowing (ex., leave some areas unmowed), modify 
grazing (ex., leave some areas ungrazed or change number of livestock/acre), use machinery 
(i.e., a bulldozer) to manage shrub cover on your field(s), use prescribed fire/controlled burning, 
use herbicides to control invasive species, harvest trees near a field-forest border, and harvest 
trees within a forest. Modified from Dayer et al. (2014). 
● Landowner perceived norms for why others in their area manage their lands – to benefit 
wildlife, for hunting opportunities, and to produce revenue. Modified from Dayer et al. (2013) 
● Landowner perceived barriers to implementing management on their lands – 12 questions.  
Modified from Dayer et al. (2013) 
● Landowner demographics (age, gender, education, income, and membership in conservation 
and/or hunting organizations) - 6 questions 
● Landowner level of involvement and willingness to pay out of pocket (cost share) if they had a 
wildlife management plan created for their land  
A copy of the survey, including cover letter can be found in Appendix 1. 
SAMPLING 
To identify survey recipients, tax parcel data obtained from each of the focal counties was joined to an 
elevation raster in ArcGIS. A sampling rule was set (target sample size = 2000) for landowners who own 
more than 25 acres of land at a minimum elevation of 2000 feet. A total of 7,105 parcels met these 
sampling criteria. After accounting for landowners that own more than one parcel fitting the sampling 
criteria, there were 3,291 unique landowners in our survey population. A sample of 2000 landowners 
across the five counties was pulled from this population (representing 61%). We sampled 100% of the 
target population in Bath and Giles County due to a smaller number of landowners meeting our 
sampling criteria in those counties. We randomly sampled 60% of the target population from the 
remaining counties. A breakdown of sampling proportion by county is shown in Table 2. The Bath 
County parcel data lacked addresses for some landowners and therefore, it is likely that there are more 
parcels in this county that are associated with our population of interest that we were unable to 
contact. 
SURVEY DEPLOYMENT 
We used a modified Tailored Design Method approach (Dillman et al. 2009) to increase survey response 
rates by using a three-part mailing to all potential respondents. We minimized costs of survey 
implementation with a self-administered, mixed mode approach using push-to-web and mail return 
surveys. Mailings were deployed as follows: 
● January 31, 2018: Postcards sent providing an initial invitation with a web address to participate 
in the survey. 
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● February 21, 2018: A second mailing sent contained a paper survey with return envelope to 
those who had not responded to the initial invitation by filling out the online survey. 
● March 9, 2018: A final postcard was mailed directing non-respondents to the website to 
complete the survey or to return the completed paper survey. 
We assigned all survey recipients a randomly generated unique five-character alphanumeric code to 
access the web survey to track participation for mailing purposes and provide confidentiality. After 
survey administration we destroyed all materials linking respondents and survey codes, and survey 
information was linked only to land parcel characteristics. Survey methodology was approved by the 
Institutional Review Board (IRB) at Virginia Commonwealth University (IRB # HM20011086). 
Table 2: Summary of our sampled survey population. Population is the number of residents based on US Census data across each 
focal county, and the Number Meeting the Sampling Criteria who own at least 25 acres with a minimum elevation of 2000 feet. 
Total sent is the number of surveys sent out in each. Proportion Surveyed reflects the proportion of landowners surveyed in each 
county of those that met the sampling criteria. True Sample reflects the number surveyed after accounting for bad 
addresses/returned mail. Number and response rate refer to the surveys returned from respondents from each focal county. 490 
survey respondents answered >50% of the questions and were used in analyses (26.9% of the true sample).  
County Population 
Number Meeting 
Sampling Criteria 
Total 
Sent 
Proportion 
Surveyed 
True 
Sample 
Number of 
Responses 
Response 
Rate 
Bath 4558 195 195 1.000 174 47 0.2701 
Giles 16867 249 249 1.000 224 62 0.2768 
Highland 2213 812 482 0.594 441 127 0.2880 
Smyth 31298 952 564 0.593 518 153 0.2954 
Tazewell 42689 860 510 0.593 469 121 0.2580 
Total 97625 3291 2000 0.607 1826 510 0.2793 
DATA ANALYSIS 
ASSESSING NON-RESPONSE BIAS 
We evaluated for non-response bias with a continuum of resistance model. A non-response bias occurs 
when there are differences between survey respondents and non-respondents. A common way to 
assess for non-response bias is to contact and survey non-respondents using an alternative method. 
Because alternate contact information (i.e., phone number) was not available from the tax parcel data 
used for sampling, we assessed non-response bias using the continuum of resistance model, which 
relies on the assumption that late responders are more like non-respondents because they need 
multiple reminders before completing a survey (Lin and Schaefer 1995, Lahout et al. 2002). Within this 
framework, non-response bias was tested by comparing demographics and responses to some 
questions among early and late responders to observe for differences. We divided survey respondents 
into three groups based on when they completed the survey (Group A – responded to the initial 
postcard; Group B – responded to the paper mailer, before final reminder postcard; Group C – 
responded after final reminder postcard). We compared the following demographics among the three 
groups as well as between those who submitted responses online versus using the paper mailer using 
Chi Square tests: age, income, education, gender, and county where they own land. The lowest income 
 11 
bracket (<$20,000) and the youngest age group (under 25) were merged with $20,000-$34,999 and 26-
35, respectively, due to a low number of respondents. 
We detected no significant differences among demographic characteristics among the three response 
groups (Table 3). We also detected no demographic differences among those who submitted the survey 
online versus mailing back the paper survey (i.e., no mode effect) (Table 3). Because no differences 
were detected across response groups or demographically, we did not have to account for non-
response bias by weighting variables.  
Table 3: Non-response bias results showing that demographics do not differ among those who filled out the survey online or by 
submitting the paper survey (i.e., survey mode), nor do demographics differ for those filling out the survey in different waves of the 
survey deployment. Values in the table represent the number of respondents in each group with percentages in parentheses. P-
values are from Chi-squared tests.  
Group Online Paper P 
Wave 1 
(1st postcard) 
Wave 2 
(Paper Survey) 
Wave 3 
(Final postcard) 
P 
Bath 17 (9.9) 26 (8.2) 
0.086 
6 (6.1) 21 (10.9) 16 (8.2) 
0.278 
Giles 19 (11.0) 49 (15.4) 15 (15.2) 29 (15.1) 23 (11.8) 
Highland 40 (23.3) 99 (31.0) 37 (37.4) 45 (23.4) 57 (29.2) 
Smyth 57 (33.1) 75 (23.5) 23 (23.2) 56 (29.2) 50 (25.6) 
Tazewell 39 (22.7) 70 (21.9) 18 (18.2) 41 (21.4) 49 (25.1) 
Male 133 (81.1) 245 (80.3) 
0.841 
82 (85.4) 146 (78.5) 146 (80.2) 
0.374 
Female  31 (18.9) 60 (19.7) 14 (14.6) 40 (21.5) 36 (19.8) 
Under 45 13 (7.7) 18 (5.8) 
0.176 
11 (11.3) 9 (4.7) 11 (5.8) 
0.135 
46-60 34 (20.2) 87 (27.8) 29 (29.9) 44 (23.2) 46 (24.3) 
61-75 93 (55.4) 148 (47.3) 44 (45.4) 95 (50.0) 101 (53.4) 
Older than 75 28 (16.7) 60 (19.2) 13 (13.4) 42 (22.1) 31 (16.4) 
Less than $20,000 7 (5.0) 9 (3.4) 
0.668 
1 (1.2) 9 (5.7) 6 (3.8)  
$20,000 - $34,999 20 (14.2) 31 (11.6) 7 (8.1) 23 (14.6) 19 (11.9)  
$35,000 - $49,999 14 (9.9) 34 (12.7) 8 (9.3) 18 (11.4) 22 (13.8) 0.321 
$50,000 - $74,999 33 (23.4) 77 (28.8) 20 (23.3) 46 (29.1) 43 (26.9)  
$75,000 - $99,999 25 (17.7) 40 (15.0) 18 (20.9) 24 (15.2) 23 (14.4)  
Over $100,000 42 (29.8) 76 (28.50) 32 (37.2) 38 (24.1) 47 (29.4)  
High school 41 (24.4) 70 (22.5) 
0.417 
13 (13.3) 50 (26.5) 47 (25.1) 
0.087 
Technical school 13 (7.7) 38 (12.2) 8 (8.2) 18 (9.5) 25 (13.4) 
College 65 (38.7) 124 (39.9) 43 (43.9) 74 (39.2) 68 (36.4) 
Graduate school 49 (29.2) 79 (25.4) 34 (34.7) 47 (24.9) 47 (25.1) 
 
QUANTIFYING LAND COVER  
Within the survey, respondents were asked to classify the percentage of land cover types on their 
property (Figure 4), encompassed by six selection options (0%, <10%, 11-25%, 26-50%, 51-75%, >75%). 
To make these responses more useful for quantitative analysis, we used the average percentage of 
each range to approximately represent the amount of a given land cover type existed on each property 
(ex. 26-50% = 38%); however, it is important to note the possibility that the land cover percentage 
reported by the landowner could exist in the lower or higher end of the percentage range. We grouped 
‘young forest’ and ‘old forest’ into a single ‘forested’ category, and ‘grassland’ and ‘fallow field’ into 
‘pasture’. ‘Shrubland’ was left as an individual land cover category. These open and closed canopy cover 
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combinations allowed for a clear delineation of the predominant perceived cover types on each 
property, and to further classify them as ‘forested’, ‘pasture’, or ‘intermediate’.  
 
 
 
 
 
 
 
 
Figure 4: Visual provided to landowners in the survey to classify the percentage of land cover types that are present on their 
property.   
 
COMPOSITE MEAN SCORES 
Because some survey questions are similar and attempting to capture unobservable (latent) aspects of 
humans (i.e., attitudes, values), it can be useful to combine similar questions to try and better represent 
such unobservable factors. Resulting in a reduced number of variables that collectively explain 
something of interest, in this case landowner values and perceptions. Landowner values and perceived 
barriers to management included 12 Likert scale questions. We found significant correlations among 
the responses to these questions suggesting that data reduction was appropriate (Stevens 1986, 
Alexander et. al. 2015). We created mean composite scores among similar questions using the 
scoreItems function in the psych package in R (Revelle 2018). All composite scores had Cronbach’s 
alpha scores greater than 0.7 (Table 4), indicating these factors have significant internal consistency 
(Tavakol and Dennick 2011). A summary of the distributions for these scores can be seen in Figure 5.   
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Table 4: Summary of composite mean scores for landowner values and perceived barriers from a survey of private landowners in 
western Virginia. Cronbach’s alpha scores > 0.7 indicate reliability of the score and allowed for use in further analysis.  
Values1 Questions included in composite mean score Cronbach’s Alpha 
Ecology 
4 questions: Value knowing that wildlife lives on property, 
being able to view wildlife on one’s property, providing 
pollinator habitat, and ensuring land practices do not impair 
water quality on one’s property 
0.783 
Hunting 
3 questions: Value personal hunting opportunities, value 
others hunting opportunities, and how much of their land 
they manage for hunting 
0.766 
Aesthetics 
2 questions: Value overall appearance and perceptions of 
neighbors regarding the appearance of property 
0.776 
Public forestland 
3 questions: Value public land, forested lands and 
recreational opportunities in the general landscape or 
county 
0.749 
Recreation 
2 questions: Value personal outdoor recreation opportunities 
and providing outdoor recreation to others on one’s land, for 
example camping, hiking, ATV use. 
0.711 
Perceived Barriers2   
Time and money 
3 questions: I do not have enough time, I am not financially 
able, I am not financially willing 
0.711 
Land suitability 
2 questions: I do not think my land is suitable, I do not have 
enough acreage 
0.763 
Knowledge and skills 
3 questions: I do not know enough about where and how to 
manage, I do not have the appropriate skillset(s)/do not 
know someone with the appropriate skillsets(s), I do not 
have the equipment needed for management 
0.828 
Support 
3 questions: I do not have support from wildlife biologists 
and/or foresters, state and/or local regulations, or from the 
community 
0.865 
1 Response to survey item: “How important to you are the following with regard to your property?”  
2 Response to survey item: “State the extent to which each of the following limits your willingness or ability to manage your land to promote wildlife 
habitat.”  
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Figure 5: Distribution of mean composite scores relating to values (top) and perceived barriers to management (bottom) of private 
landowners in five counties in western Virginia.  For values scores, 1=not important and 5 = very important regarding their property.  
For perceived barrier scores, 1=strongly disagree and 5 = strongly agree that the barrier limits their willingness or ability to manage 
their property for wildlife habitat.  See table 4 for the specific question items that contributed to each mean composite scores. 
 
MODELING LANDOWNER INTENTION TO MANAGE 
Respondents selected one of five options ranging from 1 = extremely unlikely to 5 = extremely likely, 
with 3 = unsure, for how likely they were to do each of seven management strategies on their property 
for the benefit of wildlife in the next five years. Most respondents (81-88%) did not select unsure so we 
dichotomized the response for each management strategy into either a positive/yes response (likely + 
extremely likely) and negative/no response (unlikely + extremely unlikely). There was an N/A option if 
respondents felt that their land was not suitable for that type of management, and these responses 
were excluded for each management type analysis. Modifying one’s grazing practices implies that one 
already carries out grazing on their land. We therefore restricted the analysis of this behavioral 
intention to the 224 respondents who indicated that they managed at least some portion of their land 
for grazing livestock. For all other management strategies, all survey respondents who answered 
positively or negatively (as described above) were included in the analysis.  
We developed general linear models (GLM) with whether a landowner is likely or unlikely to carry out 
each of these management strategies as a binomial (1/0) response and a subset of the survey questions 
as predictors. Specifically, we assessed the predictors described in Table 5 as well as demographic and 
land characteristics. Demographic and land characteristics are not specifically of interest in this study 
but should be accounted for as they may influence behavior, thus we included this items in preliminary 
models with any significant items of either being included in the final model for each of the 
management strategies (Raymond and Brown 2011, Metcalf et al. 2015, Field et al. 2017). First, GLMs 
were run on demographic variables (age, education, gender and income) and land characteristics (land 
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cover type – forest, pasture or mix of both, whether they are full time residents, and whether they have 
a conservation easement on their property) independently. Any significant variables from these models 
were included in a global GLM for each behavioral intention with the variables listed in Table 5. 
Table 5: Descriptions of predictor variables in general linear models (GLMS) of behavioral intention for seven different ESH 
management options. 
Variable in GLM Survey Question(s) 
Values: importance of… 
Ecology* 
4 questions: Value knowing that wildlife lives on property, being able to 
view wildlife on one’s property, providing pollinator habitat, and 
ensuring land practices do not impair water quality on one’s property 
Hunting* 3 questions: Value personal hunting opportunities, value others hunting 
opportunities, and how much of their land they manage for hunting 
Aesthetics* 
2 questions: Value overall appearance and perceptions of neighbors 
regarding the appearance of property 
Recreation* 
2 questions: Value personal outdoor recreation opportunities and 
providing outdoor recreation to others on one’s land, for example 
camping, hiking, ATV use. 
Revenue from 
production 
Generating revenue on your land (e.g., through agriculture or timber 
production) 
Revenue from hunting Generating revenue from hunting opportunities on your land 
Public forest in 
landscape* 
3 questions: Value public land, forested lands and recreational 
opportunities in the general landscape or county 
Agriculture in the 
landscape 
Presence of agriculture (farming, cattle) in the general landscape or 
county. 
Perceived barriers to 
management 
Time/money* 
3 questions: I do not have enough time, I am not financially able, I am 
not financially willing 
Suitability of land* 2 questions: I do not think my land is suitable, I do not have enough 
acreage 
Knowledge/skills* 
3 questions: I do not know enough about where and how to manage, I do 
not have the appropriate skillset(s)/do not know someone with the 
appropriate skillsets(s), I do not have the equipment needed for 
management 
Support* 
3 questions: I do not have support from wildlife biologists and/or 
foresters, state and/or local regulations, or from the community 
Priority I do not consider wildlife management a priority for my land 
Past Behavior 
Active management 
Do you actively manage for wildlife habitat on your land, with the intent 
of maintaining/increasing/improving habitat? (Y/N) 
Manage for grazinga What percentage of your land do you manage/use for grazing? 
Harvest timberb Have you ever harvested timber on your land? (Y/N) 
Membership 
Non-hunting 
conservation org 
Do you belong to or donate money or time to any of the following 
organizations? -- The Nature Conservancy, Audubon Society, Sierra 
Club, Appalachian Trail Conservancy 
Hunting conservation 
org 
Do you belong to or donate money or time to any of the following 
organizations? -- NWTF, DU, RGS, RMEF, QF, etc. 
Perceived norms: How 
common is it that other 
landowners in your area 
do the following: 
Manage for benefit of 
wildlife 
not common / unsure / common 
Manage for hunting 
opportunities 
not common / unsure / common 
Manage for revenue 
production 
not common / unsure / common 
* indicate composite mean score items  
a indicate item used only for the modify grazing model  
b indicate item used only for two timber harvest models  
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In order to assess the importance of past management on landowner intention to manage in the future, 
we included responses to a question asking if landowners actively manage their land for the benefit of 
wildlife (yes or no). For timber models only (within forests and along a field-forest border), we also 
included whether or not the respondents had ever harvested timber on their property. For grazing 
models only, we included the percentage of their land that is managed for grazing. 
Due to survey item non-response, survey questions had between 0 and 16.7% missingness (mean 
missingness = 2.51%). Although this is a relatively small amount of missing data, case-wise deletion in 
large multiple variable general linear models would lead to a significant portion of the dataset being 
deleted. Most (61.2%) of the survey respondents answered all the questions of interest, but up to 38% 
of observations would be deleted if all variables of interest were used in a model, which would result in 
biased parameter estimates (Donders et al. 2006, Gelman and Hill 2006). Multiple imputation is a 
recommended method for dealing with missingness and obtaining unbiased parameter estimates when 
the data are missing at random. It is not always possible to know for certain what the causes of 
missingness are, and multiple imputation can provide robust estimates even when data are missing not 
at random (Rassler et al. 2007, van Buuren and Groothuis-Oudshoorn 2011). The level of missingness for 
variables included in our analysis was low. Average percent missingness was 3.0% across all variables 
included in our models, with only two variables having greater than 10% missingness: income level 
(16.9%), and whether a landowner has harvested timber (13.44%). It is still justifiable to impute because 
fitting a model to only complete cases would result in biases estimates (van Buuren and Groothuis-
Oudshoorn 2011). We used multiple imputation for each of the seven management strategies using the 
Multivariate Imputation by Chained Equation (mice) package in R (van Buren et al. 2019). Each dataset 
was imputed ten times, and general linear models run on each imputed dataset (Donders et al. 2006, 
van Buuren and Groothuis-Oudshoorn 2011). Results are presented as the pooled summative 
parameter estimates from the multiple completed data sets.  
We assessed multicollinearity using variance inflation factors (VIF) and removed any variables with VIF 
> 2.5; the degree to which landowners consider wildlife management a priority was removed from the 
herbicide models (VIF = 2.68). We also report deviance chi-square p-values and Nagelkerke R2 as 
measures of goodness of fit; these fit statistics were calculated from a single GLM from one of the 
imputed datasets. 
We present odds ratios calculated from the general linear model results to demonstrate the influence of 
certain variables on the likelihood that landowners will carry out management strategies in the next 
five years. Care must be taken when interpreting odds ratio depending on the type of variable it is 
based upon. For binomial variables (e.g., do you have a conservation easement on your property – yes 
or no) an odds ratio of 2.5 would indicate that someone with a conservation easement is 2.5 times more 
likely than someone without a conservation easement to carry out management on their land. For 
continuous variables or those with more than two levels (i.e., Likert scores with 5 levels) the odds ratio 
is interpreted as an increase in odds for every increase in a level of the Likert score. An odds ratio of 1.4 
for a 5-level Likert question would indicate those answering level 2 are 1.4 times more likely than those 
answering level 1 and that those answering level 5 are 5.6 times (1.4 * 3) more likely than those 
answering level 1. 
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RESULTS 
RESPONSE RATE 
We received 510 survey responses, which is 27.9% of the sampled population, and the proportion of 
responses was similar across the five counties (Table 1). Incorrect addresses and mailers being returned 
by the recipient led to 21-46 (8-11%) mailings returned per county without opening. This decreased our 
sample population from 2000 to 1826. Online survey submissions made up 35.0% of responses and 
paper surveys made up 65.0%. Respondents who completed less than 50% of survey questions were 
removed from analysis (N = 20). The resulting sample included 490 responses (26.8% of sampled 
population) that were used in all subsequent analyses. Table 6 shows a summary overview of the 
demographics of our resulting sample.  
Table 6: Summary of demographic variables across all respondents (N = 490) for survey of private landowners in five counties in 
western Virginia. 
 Item Response Percent of Sample 
Gender 
Male 77.14% 
Female 18.57% 
Age 
Under 45 6.33% 
46-60 24.69% 
61-75 49.18% 
Older than 75 17.96% 
Income Level 
Less than $20,000 3.27% 
$20,000 - $34,999 10.41% 
$35,000 - $49,999 9.80% 
$50,000 - $74,999 22.45% 
$75,000 - $99,999 13.27% 
Over $100,000 24.08% 
Education Level 
High School 22.65% 
Technical School 10.41% 
College 38.57% 
Graduate School 26.12% 
Land/Residence 
Full Time Resident - Yes 47.76% 
Conservation Easement - Yes 11.22% 
Membership 
Conservation Organization - Yes 13.7% 
Hunting Organization - Yes 23.3% 
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LAND COVER CLASSIFICATION 
Parcels were classified as ‘forested’ if the percent forest cover estimated by the landowner was greater 
than the amount of open areas, i.e., pasture plus shrubland (N = 211); if the opposite was true, parcels 
were classified as ‘pasture’ (N = 111). Parcels were determined to be ‘intermediate’ if the difference 
between the percent cover of open area and forest area was less than 30% (N = 158) indicating 
significant coverage of both forest and pasture cover types. The resulting land cover groups differ 
significantly in the percent cover of forest and pasture, and shrub cover is lowest in the forest land cover 
group and similar in the intermediate and pasture groups (Table 7). These groupings are used in further 
analysis to test the hypothesis that land cover type influences landowner values, perceptions, and 
current management for wildlife. 
 
Table 7: The number of surveyed landowners in each of the three land cover classification groups created from the response of the 
landowners in the survey as well as the mean and standard deviation of perceived percent forest cover, pasture cover and shrub 
cover for each.  Analysis of variance and Tukey HSD post hoc tests were run to compare mean land cover across the classes; letters 
indicate groups that are significantly different from each other (P < 0.05). For example, forest cover is significantly higher in the 
forest land cover class compared to the intermediate and pasture land cover classes. 
Land Cover Classification N Forest Cover Pasture Cover Shrub Cover 
Forest 211 79.1 (11.1)a 16.3 (9.39)a 7.60 (6.75)a 
Intermediate 158 49.7 (16.3)b 36.7 (12.8)b 13.9 (12.1)b 
Pasture 111 21.8 (12.9)c 72.2 (22.6)c 13.0 (14.6)b 
 
To determine whether discrepancies existed between what landowners perceive regarding the land 
cover on their land and what exists, we wanted to correlate their perceptions with recent VA land cover 
data (VALCD). We first compared parcel acreage as reported by deed/land surveys from the county to 
parcel acreage calculated in ArcMap for the 491 landowners who responded to the survey. Of these, 
259 of the deed acreages matched up within ± 5 acres of what was determined using the ‘calculate 
geometry’ tool in ArcMap. For these 259 parcels, we calculated the percentage of area for each land 
cover according to VALCD using the ‘tabulate area’ tool. Figure 6 depicts the correlation between the 
land cover classifications from the VALCD compared with the relative forest and pasture cover 
estimated by the landowners. Because there is a strong correlation between the two values (r > 0.6, P < 
0.0001), we feel confident in using the cover estimates reported by the landowners when categorizing 
landowners as pasture or forest landowners. Further, it could be argued that landowner perception is 
more important than the actual acreage of certain cover types when making management decisions. 
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Figure 6: Correlation between the percentage of forest/pasture covered depicted by the Virginia Land Cover Dataset and that 
described by survey respondents.  
 
BEHAVIORAL INTENTIONS 
Based on survey results, landowners are more willing to modify their mowing than any other proposed 
management technique (Figure 7); more than half of all respondents (56%) said they would be likely or 
extremely likely to do so. Similar proportions of landowners (30-38%) were likely or extremely likely to 
use herbicides to control invasive species, modify their grazing intensity, use machinery to manage 
shrubs, and harvest timber in a forest or along a field/forest edge. Very few landowners (13%) were 
willing to use prescribed fire on their property. 
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Figure 7: Summary of respondents’ willingness to carry out seven different management activities for the benefit of wildlife on 
their property within the next five years, either on their own or with technical/financial assistance. The values on the x-axis indicate 
the percentage of respondents that answer positively (likely or extremely likely) or negatively (unlikely or extremely unlikely) – 
these values are shown for each management strategy on the right and left of the figure, respectively. The percentages in grey 
indicate the percentage of respondents that selected unsure.  Percentages do not include those who did not answer the question 
(modify mowing = 34, modify grazing = 109, machinery = 36, prescribed fire = 29, herbicides = 19, timber edge = 30, and timber 
forest = 24). 
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Table 8: Summary of modelling results for each of the management strategies.  Values are odds ratios from multiple imputation GLMs; values >1 indicate positive relationship and 
values <1 indicate negative relationship.  Asterisks represent significance level: *** p-value <0.001, ** p-value <0.01, * p-value <0.05.  
    Modify 
Mowing 
Modify Grazing 
Harvest Timber 
from Forest 
Harvest Timber 
Field-Forest Border 
Prescribed 
Fire 
Herbicides Machinery 
Demographicsa 
Gender (M) ~ ~ 1.948 ~ ~ 2.310* ~ 
Age 0.846 ~ ~ ~ ~ ~ 0.807 
Education 1.241 ~ ~ ~ ~ ~ ~ 
Income ~ ~ ~ ~ 0.710** ~ ~ 
Ownership and 
Land Informationb 
Full Time Resident (Y) ~ ~ ~ ~ ~ 1.928* ~ 
Conservation Easement (Y) ~ ~ 2.814* ~ ~ ~ ~ 
Land cover - Intermediate ~ ~ 0.430** 0.823 ~ 2.021* ~ 
Land cover - Pasture ~ ~ 0.269** 0.302*** ~ 5.325*** ~ 
Valuesc  
Ecologye 1.646** 2.150* 1.028 1.028 1.443 0.676* 0.879 
Huntinge 0.959 1.193 1.448** 1.448** 0.951 1.288* 1.125 
Aestheticse 1.034 0.600* 0.971 0.971 1.196 1.190 1.279* 
Recreatione 0.996 1.280 1.283* 1.233 1.282 1.261* 1.417** 
Revenue from Production 0.895 0.874 1.480*** 1.431*** 0.930 1.243* 1.093 
Revenue from Hunting 0.921 1.217 1.038 1.038 0.934 0.996 0.911 
Public forests in the landscapee 1.079 1.448 0.869 0.869 1.160 0.942 0.707* 
Agriculture in the landscape  0.870 0.745 1.173 1.173 0.921 1.038 1.035 
Management 
Barriersd 
 
Time and Moneye 1.317 0.518 0.839 0.968 1.511 0.910 1.240 
Land Suitabilitye 0.964 1.907* 1.094 1.316 1.119 0.966 0.766 
Knowledge and Skillse 1.510* 1.422 1.027 0.872 0.827 0.996 0.920 
Supporte 0.963 0.902 0.914 1.036 0.975 0.812 1.313 
Priority 0.713* 0.716 1.305 0.915 0.970 ~ 0.922 
Past Management 
Actively Manage for Wildlife (Y)f 5.738*** 5.130** 1.389 1.382 1.819 1.730 2.146* 
% of Land Managed for Grazingg ~ 0.650* ~ ~ ~ ~ ~ 
Harvested Timber (Y)h ~ ~ 2.635*** 1.498 ~ ~ ~ 
Perceived Normsi 
 
Wildlife - Unsure 0.873 2.184 1.172 1.949 1.585 1.286 2.421* 
Wildlife - Yes 1.302 1.311 1.046 1.843 0.977 0.834 1.351 
Revenue - Unsure 2.385 1.466 1.188 0.704 1.087 1.725 1.475 
Revenue - Yes 2.430 1.321 1.100 1.309 1.628 1.951 2.213* 
Conservation Org. 
Membershipj 
Non-hunting Organization (Y) 1.360 6.766* 1.124 1.124 0.347 1.123 0.911 
Hunting Organization (Y) 1.327 0.486 1.157 1.157 2.627* 1.723 1.836 
Fit Statistics 
Nagelkerke R2  0.370 0.487 0.363 0.311 0.224 0.316 0.267 
Deviance X2 p-value 0.234 0.319 0.072 0.075 0.999 0.008 0.007 
a Response options for demographic questions: age (Under 35, 36-45, 46-60, 61-75, >75), highest education level (high school/GED, technical, college, graduate), income (<35K, 35-49K, 50-74K, 75-100K, >100K) 
and gender (male/female).  
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b Response to survey items: “Are you a full-time resident on this property?” and “Is any of your land under a conservation easement?” Items were dichotomous: 1 = “yes”, 2 = “no”. Land cover classification (forest, 
pasture or intermediate) was based on responses to question six in the survey (see Land Cover Classification text in Methods).  
c Response to survey item: “How important to you are the following with regard to your property?” Items assessed on a 5-point Likert scale: 1 = “not important”, 2 = “slightly important”, 3 = “moderately 
important”, 4 = “important”, 5 = “very important” 
d Response to survey item: “State the extent to which each of the following limits your willingness or ability to manage your land to promote wildlife?” Items assessed on a 5-point Likert scale: 1 = “strongly 
disagree”, 2 = “disagree”, 3 = “neutral”, 4 = “agree”, 5 = “strongly agree” 
e Composite mean scores (see Table 6) 
f Response to survey item: “Do you actively manage for wildlife habitat on your land, with the intent of maintaining/increasing/improving habitat?” – Dichotomous response: 1 = “yes”, 0 = “no” 
g Response to survey item: “Approximately what percentage of your land to you manage for the grazing livestock?” Only used for the modify grazing model, with all respondents who stated the manage 0% of 
their land for grazing excluded from the model.  
h Response to survey item: “Have you ever harvested timber on your land?” – Dichotomous response: 1 = “yes”, 0 = “no” 
I Response to survey item: “How common is it that other landowners in your area do the following activities?” Items combined to be assessed on a 3-point scale: 1 = “not common”, 2 = “unsure”, 3 = “common” 
j Response to survey item: “Do you belong to or donate money or time to any of the following environmental or conservation organizations?” Membership in a non-hunting conservation organization included: 
The Nature Conservancy, Audubon Society, Sierra Club, Appalachian Trail Conservancy. Membership in hunting conservation organization included: National Wild Turkey Federation, Pheasants Forever, Quality 
Deer Management Association, Ruffed Grouse Society, Ducks Unlimited, Quail Forever, Quail and Upland Wildfire Federation, Rocky Mountain Elk Foundation, VA Deer Hunters Association, VA Bear Hunters 
Association, Trout Unlimited.      
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MODEL FIT  
Variables included in GLM’s accounted for 22.4% to 48.6% of the variation in the data (Table 8). 
Deviance chi-square tests also indicate relatively good fit for GLMs, except for the herbicide and 
machinery models. While this may be an indicator these models should be reviewed with caution; the 
parameter estimates should be accurate, but the variance associated with the estimates may be 
underestimated (Nelder and Wedderburn 1972). 
DEMOGRAPHICS AND LAND/OWNERSHIP INFORMATION 
In general, landowner demographics (gender, age, education level, and income level) were not strong 
predictors of landowner’s willingness to engage in any of the seven management strategies in the next 
five years (Table 8). Only two demographic items were predictive: male landowners are 2.3 times more 
likely to use herbicides to control for invasive species compared to female landowners, and as 
landowner’s income level increases, their willingness to carry out a prescribed burn on their property 
decreases.  
Few ownership and land cover characteristics were strong predictors of landowner’s willingness to 
manage in the future (Table 8). Landowners who stated they are full-time residents on their property 
are ~2 times more likely to use herbicides to control for invasive species compared to landowners who 
are not full-time residents. While the number of survey respondents with conservation easements on 
their property is low (N = 56; 11.6%), those with easements are 2.8 times more likely to harvest timber 
from within a forest to promote wildlife habitat. Land cover (forest, pasture or intermediate) was a 
significant predictor of landowner intention to harvest timber and use herbicides to control invasive 
species. Forest landowners are more likely to harvest timber, both within a forest and along a field-
forest border, compared with pasture and intermediate landowners. On the other hand, pasture and 
intermediate landowners are more likely to use herbicides to control for invasive species compared to 
forest landowners. Significant demographic and land/ownership attributes were carried over to the full 
models for each management strategy. 
VALUES 
Landowner values were consistent predictors of willingness to manage in the next five years, however 
different management strategies are predicted by different landowner values (Table 8). Those who 
place higher valuation in ecological attributes on their property are more likely to modify their mowing 
and grazing, but less likely to use herbicides to control for invasive species. Landowners who value 
hunting are significantly more likely to harvest timber from within a forest and at a field-forest border 
and use herbicides to control for invasive species. Those who value the overall aesthetics of their 
property are more likely to use machinery to manage shrub cover, but less likely to modify their 
grazing. Landowners who value recreation on their property are significantly more likely to harvest 
timber from within a forest, use herbicides to control for invasive species, and use machinery to 
manage for shrub cover. Valuation of generating revenue from production was a strong predictor of 
willingness to harvest timber from within a forest, and from the field-forest border; revenue production 
was also found to be a predictor of willingness to use herbicides to control invasive species, though less 
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significant than the two timber harvest management strategies. Valuation of public forestlands in the 
landscape surrounding one’s property is negatively related to one’s willingness to use machinery to 
manage for shrub cover. None of the landowner values was predictive of willingness to use prescribed 
fire on one’s property. 
BARRIERS  
Understanding private landowner’s perceived barriers to management can be a useful indicator of their 
likelihood to manage for wildlife habitat in the future, as it relates to their control belief regarding 
wildlife habitat management. Interestingly, we found that survey respondents who feel their land is not 
suitable for wildlife management are ~2 times more likely to modify their grazing (Table 8). Keep in 
mind that this model is based on a subset of survey respondents who already manage some portion of 
the land for livestock grazing.  Landowners who feel they do not have the necessary knowledge or skills 
on where or how to manage are significantly more likely to modify their mowing practices. Lastly, 
landowners who feel wildlife habitat management is not a priority for their land are significantly less 
likely to modify their mowing.  
PAST MANAGEMENT   
Current and past management was strongly associated with landowner’s intention to manage for 
wildlife habitat in the next five years (Table 8). Landowners who already actively manage for wildlife 
habitat are 5.7 times more likely to modify their mowing practices, 5.1 times more likely to modify their 
grazing practices, and 2.1 times more likely to use machinery to manage shrub cover. The percentage 
of land that landowners currently manage for grazing is negatively associated with their willingness to 
modify their grazing in the next five years. Lastly, landowners who have harvested timber from their 
property in the past are 2.6 times more likely to do so within the next five years.  
PERCEIVED NORMS  
The likelihood of using machinery to control shrubs in pastures is the only management strategy in this 
study that was predicted by perceived norms of what motivates other landowners in the region to 
manage their property in this study. Respondents that perceive others manage for revenue and those 
that are unsure about whether others manage for wildlife are more likely to use machinery to control 
shrub cover on their property (Table 8).  
ORGANIZATION MEMBERSHIP  
Survey respondents who stated they are members of a non-hunting conservation organization are 6.8 
times more likely to modify their grazing practices compared to those who are not members. 
Respondents who stated they are members of a hunting conservation organization are 2.6 times more 
likely to use prescribed fire on their property to benefit wildlife compared to landowners who are not 
members.  
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DISCUSSION AND MANAGEMENT RECOMMENDATIONS  
This study is unique in that is compares the predictors of different management strategies that are all 
viable options for creating and maintaining ESH. Modified mowing practices was by far the most 
popular management option among survey respondents with > 50% indicating they are extremely likely 
or likely to do so.  Approximately 1/3 of survey respondents indicated that they were likely or extremely 
likely to modify grazing practices, harvest timber (within a forest or along a forest edge) and use 
herbicides to control invasive species.  Only 13% indicated likelihood to use prescribed fire. These 
numbers provide the context within which to design outreach efforts by providing an understanding of 
the types of management that landowners are likely to adopt to create and maintain ESH.   
Our results suggest that although some predictors of landowner intention to carry out different 
management activities are the same, there are some important differences, and no one predictor was 
important across all seven management strategies. Landowners who value the ecological aspects of 
their property and already actively manage for wildlife habitat are more likely to engage in open field 
management (i.e. modify mowing and/or grazing) while landowners who value hunting and revenue 
from production on their property are more likely to engage in timber management (i.e. harvests from 
within the forest or at the field-forest border). Willingness to use machinery to manage for shrub cover 
was predicted by past management experience and valuation of recreation and aesthetics (i.e. overall 
appearance and perception of neighbors) on their property. Prescribed fire use was primarily predicted 
by membership in a hunting organization, and herbicides use was predicted by the land cover of the 
property being predominantly pasture.  
Such differences suggest that a single outreach strategy is not likely to be as effective as one that 
considers a diversity of values and perceptions. Current efforts to encourage landowners to create ESH 
through timber harvests often include images and verbiage about the benefits to both game and non-
game species. This is an excellent example of incorporating the values of more than one type of 
landowner (hunters and birdwatchers). This survey suggests that expanding outreach efforts to include 
additional management options for creating ESH (i.e., modification of mowing and grazing practices) 
and the inclusion of images and verbiage about the benefits to pollinator species would likely recruit 
landowners who may not have been recruited with current methods. 
OPEN FIELD MANAGEMENT 
Private landowner’s willingness to modify their mowing and/or grazing practices in the next five years 
to promote ESH was most strongly predicted by valuation in the ecological aspects associated with 
their property, and if they already actively manage their land to promote wildlife. It will take years for 
areas left unmowed or ungrazed to succeed into shrubland habitat, but this process can be facilitated 
by spreading seeds of native forbs and planting native shrubs/trees. Prior to shrub establishment, 
unmowed/ungrazed areas will provide habitat for a variety of pollinator species, and this is likely of 
interest to most landowners willing to modify their practices because they value ecological aspects of 
their property which includes pollinators.  Promoting awareness about the ecological benefits of 
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leaving areas unmowed/ungrazed may be an effective strategy to increase its adoption by landowners 
in western Virginia (Reddy et al. 2017).   
Previous research has shown that past behavior of private landowners can be a strong predictor of 
willingness to manage their lands (Karppinen 2005, Rise et al. 2010, Dayer et al. 2016) above and 
beyond what landowners value about their property. This is likely because these past experiences were 
positive, and because these landowners are less likely to feel they lack the skills and knowledge 
required to implement the strategy again. Moreover, past behavior has been shown to be a positive 
predictor of behavioral intention, even when controlling for attitudes, norms and perceived control 
(Karppinen 2005, Fishbein and Ajzen 2010, Dayer et al. 2016). Our study supports this; past 
management experience was the most consistent predictor of future management and was significant 
in four of the seven management models. We found that those who already actively manage for wildlife 
are >5 times more likely to modify their mowing and grazing practices than those who do not actively 
manage. This previous active management was likely a positive experience and resulted in increased 
presence of wildlife on their property, naturally influencing willingness to use the management method 
again (Karppinen 2005). However, further assessment of what specifically made these past 
management experiences positive for landowners in our focal region could provide a better 
understanding of motivations to manage for ESH by modifying their mowing and grazing practices. 
Current grazing practices was a bit more complex in its relationship with future intention to manage; 
we found that landowners who graze larger proportions (>50%) of their land are less likely to modify 
their grazing practices to benefit wildlife. This is likely because these individuals are more likely to 
depend on grazing as a primary source of income and a reduction in grazing intensity would lead to 
decreased profits. Additionally, landowners who perceive their land is not suitable for ESH 
management are significantly more likely to modify grazing practices compared to those who do 
perceive their land as suitable. One potential reason for this may be that our analysis did not 
differentiate landowners who lease their land for grazing (23% of respondents), and it is possible that 
such landowners may have different perceptions, values and intentions than the individuals who own 
and manage the livestock. To assess this post hoc, we compared the relationships between valuation of 
water quality, pollinator habitat and wildlife presence (the ecological aspects of one’s property) with (a) 
the proportion of land managed for grazing or haying and (b) the proportion of land leased for grazing 
or haying. These relationships were consistently, significantly negative for models of proportion of land 
managed for these activities and non-significant for models of the proportion of land leased for these 
activities suggesting that those that lease their land may be more amenable to modifying them for the 
benefit of wildlife. However, the individuals who are leasing the land for these activities may not agree. 
A greater understand of land management dynamics between landowners (the lessor) and lessees is 
needed because they will inevitably impact the effectiveness of outreach and education efforts in this 
region. 
Landowners who currently belong to a non-hunting conservation organization are ~7 times more likely 
to modify their grazing compared to landowners who do not. Previous studies have also found that 
membership in conservation or environmental organizations promotes more awareness about the 
importance of wildlife habitat conservation through the promotion of pro-environmental values 
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(Farmer et al. 2016). In addition, conservation organizations promote a positive social-ecological 
interaction which is valuable because economic processes are often prioritized as they supersede 
ecological processes in a temporal scale (i.e. slow regeneration of suitable habitat, but immediate loss 
of income due to altered management) (Clements et al. 2016). This highlights the need to mitigate any 
income loss associated with ESH management for landowners who depend on their land for income. 
This can be done through the existing NRCS WLFW and state programs, but may require increased 
advertisement and use of financial incentives for grazing-associated strategies. 
More survey respondents intend to modify their mowing practices in the next five years than any other 
management strategy presented (N=256, >50%), regardless of having any past experience managing 
for wildlife habitat. Modifying one’s mowing is likely the simplest management strategy to promote 
ESH, as a landowner only needs advice regarding the areas that are best to leave unmowed. 
Landowners who stated that they feel limited to manage for wildlife by a lack of knowledge or skills are 
more likely to modify their mowing; this is likely because this strategy is the simplest to implement 
compared to the others addressed in the survey, and landowners likely perceive they have more control 
over its implementation (Fishbein and Ajzen 2010). However, mowing of fields is a habitual behavior, 
which relies on intuition and subconscious feelings and therefore can be difficult to modify (Sheeder 
and Prof 2010). For the same reason though, once a landowner adopts a new mowing regime (i.e., 
leaving some areas unmowed), it can become habitual and persist indefinitely (Sheeder and Lynne 
2011, Dayer et al. 2017).  Decreased mowing has the added benefit of decreased cost to the landowner.  
Implementation of effective outreach and education that convinces landowners to employ a more 
hands-off approach to mowing in some portions of their property has the potential to lead to significant 
increases in ESH on the landscape.   
TIMBER HARVESTS  
Creating ESH through harvesting timber harvests trees to be harvested and then be left to regenerate 
naturally over time. Time since harvests is a primary factor influencing habitat suitability for ESH-
dependent birds, with many species occupying these areas for 5 – 8 years after harvest (Perry and Thill 
2013). For private landowners, timber sales provide a financial incentive in addition to any wildlife 
interests they may have.  It is therefore not surprising that willingness to harvest timber from within a 
forest is most strongly predicted by valuation of revenue production along with valuation of hunting 
and recreation. Most hunters know that harvesting timber from within a forest provides habitat for 
game species and therefore increased hunting/recreational opportunities. A campaign to promote ESH 
that includes these values may be enough to promote successful timber management in the region for 
some private landowners, while including the potential financial incentive of timber sales will engage 
those who are more monetarily motivated (Reddy et al. 2017).  
Landowners who have harvested timber in the past and those who have a portion of their land in a 
conservation easement are both >2.5 times more likely to harvest timber within their forests.  Dayer et 
al. (2016) also found that landowners who had harvested timber in the past were more likely to do so 
(specifically, conducted a patch-cut) again to promote ESH. Placing a portion of land under a 
conservation easement ensures the land is maintained as wildlife habitat, and depending on the 
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easements restrictions, can be managed for timber products. We are not aware of any studies that 
show having a conservation easement on one’s property as a predictor of intention to manage.  
Conservation easements can be quite flexible, and targeted technical assistance and outreach is 
necessary to achieve specific management goals (Stroman and Kreuter 2014). Landowner willingness 
to harvest timber to promote ESH can be included in the management plan of their easement (VDOF 
website). Further, organizations that hold these easements can be useful partners in communicating 
the benefits of ESH management strategies. 
PRESCRIBED FIRE AND MACHINERY  
While prescribed fire and use of machinery are quite different in their technical application, the existing 
habitat these management strategies are attempting to modify (overgrown/homogenous shrub/sapling 
cover) is similar. Prescribed fire was the least favorable management strategy across all of the study 
population; only 13% of respondents intend to use this approach in the next five years. One possible 
explination is that landowners are often reluctant to use prescribed fire as a management strategy due 
to fear of liability (i.e. damage from escaped fire); however, in practice this risk is extremely low (>1%) 
when the proper guidelines are followed (Weir et al. 2019). For our study, landowners in higher income 
brackets are significantly less likely to implement a prescribed burn on their property, likely due to this 
perception of a financial liability that could result from the use of fire.  
Aside from income, membership in a hunting conservation organization was the only positive predictor 
of landowner intention to use prescribed fire on their property. Conservation organization membership 
has predicted habitat management in previous studies (e.g. Farmer et al 2016, Dayer et al 2016). These 
landowners likely have a greater understanding of the conservation benefits of prescribed fire in the 
landscape. This may suggest that hunting conservation organizations are effectively communicating 
the benefits of prescribed fire to promote habitat for wildlife, yet many remain cautious about its use. 
Policy regulations can serve to simultaneously promote and regulate prescribed burns on private lands 
through the use of reduced liability standards and increased safety regulations (Wonkka et al. 2015). 
When private forest landowners in West Virginia were asked about their perception of prescribed fire as 
a management strategy, 64% of respondents were supportive of this form of management (Piatek and 
Mcgill 2010). It is possible that landowners in our focal region may have a similar perception, yet our 
survey did not capture this because the only question relating to prescribed fire was the one asking if 
they intend to do it on their property. Lack of willingness to carry out a specific management strategy 
on one’s property does not translate to a lack of support for that management overall.  More study of 
the attitudes about prescribed fire as a management strategy will provide useful insights into how best 
to encourage adoption of this form of management in western Virginia.  
Willingness to use machinery to manage shrub cover is positively predicted by valuation of aesthetics. It 
is not surprising that those who value aesthetics may perceive shrub cover as messy and unkempt 
(Askins 2001). Conversations with pasture landowners who have raised cattle in the region for decades 
corroborate this perception in stating that clearing of land for pastures is ‘progress’ and ‘improving the 
land’ whereas the reversion of land back to shrubs is a loss of progress and years of hard work (Bulluck, 
Pers. Observation). These statements from landowners are supported by previous findings that 
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willingness to manage for ESH is related to a landowner’s valuation of aesthetics and their perception 
that managing for ESH is socially acceptable (Dayer et al. 2017).  
It is somewhat counter-intuitive that intention to use machinery to manage shrub cover is positively 
associated with recreational values and negatively associated with valuation of public land because 
public lands are often used for recreation. However, recreation on one’s own property is likely valued 
differently than recreation on public land (Cooper et al. 2015, Farmer et al. 2016). Further, recreation 
can be incorporated into conservation plans to promote ESH, while still maintaining the habitat in a 
state that can be beneficial to recreationists (Mann and Leahy 2010). For example, maintaining mowed 
trails through shrublands allows for improved access to wildlife viewing opportunities. Wildlife 
recreationists are significantly more likely to participate in wildlife habitat enhancement on both 
private lands than non-recreationists and participation in habitat enhancements on private lands is 
more common than on public lands, despite both landscapes providing similar outdoor recreational 
activities (Cooper et al. 2015). Some landowners in our study region have negative opinions of public 
land that date back to the establishment of National Forests and the Appalachian Trail system that may 
have negatively affected private land ownership of friends and/or relatives. On the other hand, 
landowners may have recently moved into the region because of these public lands and the recreation 
opportunities they provide.  Understanding these differing opinions and perceptions about public lands 
is important when developing effective outreach materials. 
Use of machinery to manage shrub cover was also positively associated with past experience actively 
managing for wildlife habitat. These landowners likely already have the technical skills to use 
machinery to create open spaces that not only benefit wildlife, but also create more recreation 
opportunities on their land. Use of machinery was also the only management strategy that was 
predicted by social norms. Landowners who are unsure if those in their community manage their land 
for wildlife habitat are 2.4 times more likely to use machinery to manage shrub cover than those who 
think others do not manage for wildlife habitat, and landowners who perceive others in their 
community manage their land for revenue production are 2.2 more likely to use machinery to manage 
shrub cover compared to those who perceive those in their community do not manage their land for 
revenue. Social influences have been shown to influence a landowner’s decision making due to their 
belief of what others are doing, and the resulting perception of what is socially acceptable overall 
(Dayer et al. 2017). It is possible that landowner’s who are unsure about why others in their community 
are managing their lands are not full-time residents on their property. Part time residents are less likely 
to communicate with neighbors about how and why they manage their lands. This idea of visible 
aesthetic changes warranting judgement from the community could also play a role in the perception 
that others in the community manage for revenue; if a landowner sees a neighbor has modified their 
property in a significant way, but believes they have done so for monetary reasons, they may be 
inspired to make these same management changes on their property.     
HERBICIDES  
Willingness to use herbicides to control for invasive species was the only management strategy that 
was positively predicted by a demographic variable. Male landowners are 2.3 times more likely to use 
 30 
herbicides on their property compared to female landowners. Current land cover classification was one 
of the strongest predictors of this management strategy as well, with pasture and intermediate 
landowners being 5.3 and 2.0 times more likely than forest landowners, respectively. This is likely due 
to the fact that invasive species tend to be more prevalent and problematic in pastures than forests.  
Although not surprising that those with more open space are more willing to use herbicides as a form of 
management, this supports an outreach approach that incorporates management goals that are 
applicable to current land conditions.  
Use of herbicides is also positively predicted by valuation of hunting, recreation, and revenue from 
production on one’s property. Alternatively, valuing ecological aspects is negatively associated with the 
use herbicides to control invasive species. These landowners likely view the chemicals associated with 
herbicide use to have a negative impact on the ecological aspects they value most. Other studies have 
found some landowners have reservations about the control of invasive species with herbicides (Howle 
et al., 2010) and that educating landowners about the impacts of invasive species on biodiversity and 
wildlife habitat and about the availability of targeted herbicides can be effective for increasing 
participation (Fischer and Charnley, 2012). For these reasons, implementation of management plans 
that use herbicides may be the most complex to promote through awareness campaigns or incentives; 
rather one on one conversations with landowners may be most effective (Reddy et al. 2017). 
 
OUTREACH RECOMMENDATIONS 
The findings presented in this study have the potential to inform an effective outreach campaign to 
engage private landowners in ESH management. Moreover, this survey has created a significant 
opportunity to further engage survey respondents; 74% (355 individual households) want to receive 
information, the majority of whom are not only interested in receiving survey results but also want to 
learn about opportunities to enhance wildlife habitat on their property. Outreach campaigns can be a 
successful way to increase habitat management on private lands. The survey responses summarized 
here, and the subsequent analyses, provide useful information and perspective for planning outreach 
efforts that are focused on increasing the acreage of ESH on the landscape. Because landowners across 
the region present a diverse set of values and interests, and because some management options appear 
to be more popular than others, using a multifaceted outreach strategy will likely be most effective. 
Also, because there are some individuals without access to internet, paper mailing is preferable to email 
and will be likely to reach the largest proportion of landowners.  Based on the results presented here, 
we recommend the following approaches: 
1) Focus on ecological values: Survey respondents overwhelmingly value water quality, 
pollinators, and the presence of wildlife on their property more than any other aspect (denoted 
as ecological values above). Highlighting that the creation and maintenance of ESH will 
promote these ecological values should result in a larger number of engaged landowners than if 
these values are not included in outreach materials. Strategies to promote water quality that 
also promote ESH include shrub plantings along streams and fencing to keep cattle out of 
waterways. Such activities are already high priorities across the state to reduce nitrogen loads 
 31 
from agricultural areas, and keeping cattle out of streams is an ongoing challenge to making 
progress on these goals (e.g., VA’s Clean Water Blueprint).   
 
2) Take advantage of existing partnerships: Across all outreach efforts, we recommend partnering 
with the most well-respected hunting and non-hunting conservation organizations and 
conservation easement holders in the region (i.e., NWTF, TNC, VOF, Audubon Society, RMEF) 
to send flyers to promote ESH and opportunities for wildlife enhancement offered by the 
NRCS. These trusted organizations will provide an additional connection that may encourage 
new landowners to participate. Our survey results show that membership in these 
organizations is correlated with increased likelihood to manage in the future – e.g., landowners 
in non-hunting conservation organizations are nearly 7 times more likely to modify their grazing 
practices than non-members and landowners with conservation easements are nearly 3 times 
more likely to harvest timber on their properties than those without easements. 
 
3) Large forest landowners (>100 acres and >80% forested): outreach that highlights timber-
management and benefits to both game and non-game species. This has been the gold 
standard for getting landowners involved in ESH management and should be continued. Such 
management will provide much needed diversity in forest age structure and will benefit a 
diversity of avian species who use young forests at some point in their annual cycle. NRCS is 
already moving forward with this approach in some counties in Virginia.   
 
4) Livestock producers (>100 acres, >80% pasture): we recommend identifying several landowners 
that already effectively manage ESH on their property. We can learn a lot from these 
landowners about how they manage their pastures (i.e., grazing intensity and rotations) to 
promote ESH that may improve best management practices in this region. Some may be 
willing to have their properties used as examples for interested landowners to see what high 
quality shrubby ESH looks like. Holding focus groups with identified landowners and other 
members of this group not actively engaged in ESH management would be valuable to hear the 
full range of limitations and challenges associated with ESH management for these 
landowners. Our survey results show that landowners that manage a larger portion of their land 
for grazing are less likely to modify their grazing and mowing practices. However, there is great 
potential on these properties to create ESH due to their size, extent of open lands, and forested 
landscape context. Focus groups can be used to brainstorm ideas for increasing ESH while 
minimizing any financial losses on these producers. Using fencing to reduce grazing intensity 
along waterways and in areas with steep slopes, for example, may be a win-win as these areas 
would create quality ESH habitat. Through candid conversations about opportunities and 
challenges, additional ideas for collaboration may emerge. We already have some landowner 
contacts where we have previously conducted bird surveys that may be willing to participate in 
such focus groups. These individuals may also be willing to serve as ambassadors/liaisons with 
other producers. 
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a. Timber harvest document should include images of recent timber harvests, game 
species, and songbird species that are likely to benefit from ESH.   
i. Timber harvests are likely to create ESH within 1 year that lasts from 5-10 years, 
depending on the regeneration rate and density of trees. A forester can visit a 
property and provide more information on what might be best for the 
landowner. 
 
b. Modified mowing/grazing document should include images of shrubby pastures as well 
as wildflowers, songbirds, butterflies, and other pollinators that are likely to benefit. 
i. Heavily grazed pastures can take >10 years to convert to shrubby ESH but will 
provide habitat for pollinators immediately if an effort is made to replace cool 
season grass monocultures with warm-season grasses and wildflower seeding. 
Cutting trees along a pasture’s forest border and leaving brush piles in the 
pasture will facilitate the establishment of shrubs. Once shrubs are established, 
they are likely to remain in this state for many years and simultaneously 
provide habitat for pollinators and shrubland-dependent species.   
ii. Existing NRCS practices under the VA Working Lands for Wildlife program can 
be listed and briefly described; that landowners can get funding for fencing, 
tree/shrub establishment, conservation cover, etc. It is likely best to exclude 
information about the use of herbicides from these mailings and only introduce 
the benefits of this practice during site visits when the benefits can be 
explained in more detail. 
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APPENDIX 
Appendix 1: Copy of paper survey that was sent to landowners  
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